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INTRODUCTLON

Explosive fills for munitions are designed to be difficult to accidentally
dotonate. A complicated, though well understood, explosive train technology is
required to intentionally stimulate these materials to a detonation. Almost
all hazards associated with military explosives begin with burning. A modest
thermal initiation (hot spot) can quickly develop into a catastrophe. Typical
problem areas are in large caliber weapon in-bore prematures and munitions that
are damaged by fragment attack.

Attempts have been made to improve some military explosives in order to
reduce this deflagration hazard. These programs failed because the mechanisu
coutrolling the reaction rates is not well understood. In addition, there was
no laboratory test which could evaluate an improvement.

It is the purpose of this report to show that an old, well-established,
technique can be used to expose the factors controlling the burning mechanism
vi explosives, 1t will be demonstrated that slight modifications of an explo-
sive composition can significantly slow the reaction rate of these materials.
This method can provide the explosive formulator with a testing procedure that
will permit him to monitor the results of his efforts to reduce deflagration
hazards.

EXPERIMENTAL

The tool used in this study is the closed bhomb. The standard closed bomb
is a heavy-walled steel coatainer vith sn intecrnal velume of about 200 emd. 1t
contains a clesure with an insulat 4 {iring electrode, aan exhaust valve, and a
plezo pressure tranvducer, Gases that are generated by burning energetic ma-
tutials con be contained within the vessel to a pressuse of about 690 MNba
{100,000 pai), The pressure versus time data developed by these teactions ave
electronically reeovded and stored for computar calculations,

This toel is the work horse of the propellant iadustry, 1t s routinely
used to evaluate surface burning propellant coepositions. This {8 dene accord-
ing to well-established procedures described ia refereances 1| through 1,

Explosives ate not, generally, surface burniaz saterials., The physieal
configuration usually bresks up te produce 4 new sutface area at sooe point
dutring thoe butniog, This does not favalidate the precedure., Thoese saterials
ate burning on the acw surface with the intrinsie butaing rate of the composi=
tinn. An efforr {3 noeded to determing the rate at «hich the fdew sutface dtea
is baing created, the digensions of the new geosetry, and the iatrinsic buraing
rtate of the cogpasition.




PRCCEDURE

Much of this work was reported in reference 12. This is another look at those
data with computer tools which were not available at that time. Additional
work which was subsequently performed is also inciuded. Composition (Comp) B
is the explosive vehicle for this study. The method, however, is applicable to
other energetic compositions.

Precise cylindrical geometries were machined from cast Comp B (1% wax),
Comp BW (1% estane), Comp B4 (no additives), and Comp A3 (RDX/WAX, 91/9). They
were machined to provide two significantly different surface areas with respect
to the volume fraction burned for each sample. They were 2.54 cm diameter
cylinders. One was solid and the other, a single perforated grain, contained a
0.953 cm hole in the center. The lengths were adjusted to provide a constant
mass and were approximately 5 cm long. A crushed form of Comp B was also test-
ed. The intent for these samples was to test for surface burning according to
the “propellant linear burning rate theory”.

Two forms of Comp B with estane were tested. In one case, the estane was
precoated on the RDX particle, and, in the other, it was mixed into the hot TINT
meit. These samples in relation to Comp B with and without the standard wax
additive were used to ascertain the role performed by addirives in the RDX/TNT
mixture. Each test was provided with massive thermal ignition with 5 grams of
class 7 black powder. This was done to irsure simultanenus ignition of the
entire surface area.

RDX is a major constituent of Comp B. Information on its intrimsic burn~
ing rate would be important for understanding the burning mechanisa of Comp
B. Therefore, an attempt was made to develop a technique to determine the
linear burning rate as a function of pressure for the RDX particle.

RESULTS ANKD DISCUSSION

Pressure Versus Time Neasuremsnts

The results teported in refetence 12 showed that Cemp B and variations
thoereof exhibited a transition fros slov to fast buraing. This transition
oceurted at a pressure of 60 to 150 Ma. Flguvres | through 3 illusteate this
transition for Comp 8 (wax), Cosp BM (cstane), and Cosmp B4 (so additives).
These cutves ate overl:ipped as the mssieus pressure is apptoached. Zero tise
refers to the 3tart of data recording.

Sach figure cospatoes the ptessure developed with tespect to tise for the
butidng of the Iwo peswetries (s0l1d cyliader and 3/8 (b siagle peti). Figute
! 3lso includes the butning of crushed Cowp 8. This was daletial froe the saee
casting wvhich wss sechanieallv erushed into an aggregate of Yine pouder zad
sude small chunks. Iaitially, the Wening of wach sample j& influenced by the
wEiginal gooset-y. Thes, all the vatlations o¢f Coep § show 3 Transitiva to a
cosnon butnleg vedion. Figure | ghows (hat the dechanically decansalidated
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Comp B oalso shares this common burning region with the solid castings. This
strongly suggests that, at the transition, the physical structure of Comp B is
breaking up, creating new (increased) surface area.

l.inear Burniny Rate Calculations

A linear burning rate analysis, based on the “propellant linear burning
rate theory”, was performed on each side of the transition for each sample.
This analysis requires that burning progresses only on the surface of the sam-
ple (cigarette style). When all the requirements are met, the procedure will
measure the true burning rate., The results for a particular compositicn would
be the same for any known geometry.

The results of these calculaticns are shown in tables | through 3. In the
after-transition region, it is observed that the burning rates derived fo: the
two geometries do not agree for any of the Comp B variations. This shows that
the physical structure had changed. Buraing in this region is progressing on a
new surface area that is not represented by a surface area regression that is
normal to the original surface. This could be interpreted as a breakup of the
physical structure of Comp B. A breakup would increase the surface area, which
in turn would dramatically increase the burning velocity.

In the pre-transition region, Comp B and Comp BW (tables 1 and 2) demon-
strate a good example of propellant-type surface burning. The burning rate
agreement derived for the two geometries is excellent for Comp BW Lo a pressute
of 70 MPa. FRegular Comp B shows a slight divergenmce as this pressure is ap-
proached and Comp B4 (no additives) shows a wide divergence with poor repro-
dueibility (table 3). This bhehavior could indicate that burning is begianing
to penetrate {nto the sample body as a prelude to the breaking up of the physi-
cal struccucee,

Guickness Neasurenents

The differentiation of the pressure versus time curve (dp/dt vs pressure)
is used to calculate the linear burning rate. Whea unusval burnicg behavior is
encountered, as i3 the case with Cowmp B, an ezamination of this quickness curve
ean provide a moans of understanding the procoss. Since these curves do not
directly evaluate fundamental properties, they mist be used on a comparisen
hasis. [ntroducing contvolled variations, such as surface area, particle size,
concentration, and composition (additive), will preduce test tesults which ean
be evaluated on & cavse and effect basis.

Figutes & through 9 utilize the quickaess cutve to compare tihe buraing
behavior of sasples which have very differveat iaitial surface arcas (solid
cylindet and 38 1D single porf). This was doite for the thtee variations of
Comp B aed for Comp A, Composition A is RDX/MAX (91/9) which had boen
ptessed to a density of 1.640 gice®. Since the mass and composition of these
sanples ate the same, the dp/dt (quickness) compates the surface ateas burn=
ing. The slope of each cutve §s an fadication of the tate at which that
surface area is beiag created.




Comp B demonstrates the surface burning phase, prior to transition, with
the normal divergence in quickness associated with a variation of the initial
surface area (figures 4, 5, and 6). A very interesting observation, however,
is made in the after-transition region. The sample which begins burning with
the largest surface area (3/8 ID single perf) creates a lesser total surface
area with respect to the solid cylinder. One possible explanation of this is
that the magnitude of the initial surface area of the sample somchow ties up a
volume of material proportional to the surface area and this material does not
participaze in the breakup that follows the transition.

Comp B Interrupted Burning Test

Supporting evidence for this idea is provided by work performed at los
Alamos National Labcratory (LANL) (ref 13). They performed an interrupted
burning test on Comp B. A slab of this explosive was ignited, partially
burned, and then quenched. This was done at atmospheric pressure. The
quenched explosive was sectioned, polishied, and afcroscopically examined. This
showed that, to & considerable depth below the extinguished surface, there was
a zone of complete RDX depletion. Thereafter, the RDX particles became visible
and quickly increased to the normal size. This zone of RDX depletion implies,
for want of a better term, th2 formation of a coamplex. A complex of this type
is the concept needed to explain the reversal of surface area creation shown in
Comp B quickness curves. A complex, forwed under the burning surface during
the surface burning phase, would tie up a volume of material proportional to
the surface area. If the complex vere not involved in the breakup, the 3/8 ID
single perf grain, ac transicion, would have a lesser voluoe of material
available for breaking up into a proportionally lesser total surface area than
wouid the solid cylinder. :

In additton, the existence of a complex helps to resolve another dilem-
ma. INT is the binder for RDX in che explosive Cemp B. References 12 and )4
show that the physical structure of TNT breaks up at the very bdeginning of
combustion. Until the coacept of the forwstion of a complex was introduced, it
was difficult to understand why the 40X INT binder did not break up to provide
3 wev burning surface when butned in unioa with RDX, as it did vhen burned
alone,

Relationship of Additives to Formation of the Coaples

Cotp B8 (fig. 7J, like Comp &, also demonstrates the reversal of surface
arcs creation with respect to the icitial surface area of the sasple. ia
figures B and 9, 1t i3 observec that Coep 84 (ne additives, and Conp Al (no
TRT) do not buth in this sanser, The sample, which breaks up flest (3/% 1D
single perf) creates the Rteatust surface asrtea. This 15 teasonabdble and ex-
pected, {f thete is 6o complex near the surface, testtictiag » portion of the
sateclal {rom pacticirating i the breakup. It follows that an additive is
requited in the presence of both RDX and INT in order to fora the complex.




Effect ot Additive ou Comp B Buruing

In figure 10, the quickness curve {s used to compare the burning of sever-
al Comp A variations. The vartable is the 1% additive. A quick glance shows
that the presence of an additive (wax or estane) 1s needed to establish tae
surface burning phase of combustion. The estane comparison shows that the
location of the additive is extremely important. When estane was pre-coated on
the RDX particle, as opposed to beling mixed {nto the TNT, it slowed the burning
of the explosive more effectively. It did this by slightly extending the pre-
transition surface burning phase., More important, however, a comparison of the
slopes indicates that the rate of fragment creation is slowed because the
additive is coated on the RDX particles. This suggests that, using the closed
bomb as an evaluating tool, a scarch should be undervaken for the {ideal
additive {coating),

Observations made, concerning repular Comp B, suggest that the manufacturing
process automatically coats the RDX particle with wax. The work reported in
reference 14 shows thar wax does not change the buralng characteristics of
TNT. It also pointed out that wax is virtually unmixable with TNT. However,
when crystalline RDX is added to the hot TNT/wax melt, the wax is easily drawn
into the mixture. The only possible place for it to go is on the surface of
the RDX particle.

Logically, it follows that an inert coating on the RDX particle must func-
tion as an {nhibitor. The inhibitor must delay, evea 1f only infilaitesimally,
the i{nitiation of each particle. The total effect of these delays would be to
slow the rate of surface area reaction. When the search for the ideal additive
is made, materlals with good insulating and thermal stability properties should
be considered fivst. : :

tatringic Burn Rate of KDX Particle fron Closed Boesh NMeasurceeatls

The closed domd can do soure than function as a day-te=day workiag toel.
ft can help unravel the buralag mechaniss of explosives such as Comp 8, The
thernodynamies and physies of the transition zone sast be very coaplicated, but
the iaterface of thiz 2ane must acceleorate a3 a function of pressure inte the
body of the unreactud solid. It oust lcave behiad fragmentz with a gradient in
both size (related te fraction bdurned) and particle density {space between
patticies). These particlies or f{ragments eust burn individually on their sur-
faces accutding to surface butailtig linear t iression laws. [t 1s fot known how
the RDX and TNT interact with each other during this phase of burning, bdut
knowiag the Lntrinsic buralug rate of the constituents wuld b¢ helptul toward
varaveling the nystety.

Thetefore, an attempl vas made to develop i sethod te determine the Butn<
ing rate of KDY as a2 funclioh of pressure {rom closed bonh calculations., The
assuzption is smade (hat the ¥DE particle burns on its =utface, and a lineat
tegtession analysie of the coftect peocaeiry will dovelop the same butuing tates
vith tespect to pressute for RDX with differest pacticle sizes.

Class 7 dlack powder, the standard igniter used {n closed bonb work, butns
slovetr than the KBX that it is inteaded to {ghite. Reasoaable success was
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obtained by using Hivelite powder, a very high burning-rate prupellant, as an
igniter. An approach to the simultaneous ignition of the entire surface area
is extremely imporrant to this analysis. In the work discussed b-re, 25% to
30X of the RDX had been consimed before total surface area igniti:n- was ob-
tained. This can be improved in the future by dividing the charge avc igniting
many small packets. This may also have the advantage of cancell.  out the
development of pressure waves,

A straight line log-log buraning rate curve is developed whe- 1 naterial
burns on the surface and the correct geometrical shape is used = e calcula-
tions. This was the result when a sphere was assumed for the - .ufigurstion of
RDX (figure 11, table 4). Apparently, the particle melts -nd cohesive forces
pull it into the configuration of a sphere, which then bui. ¢ en the surface.
The particle diameter uvsed in the calculations were crudely estimated from an
average of a sieve size cut. They contain a significint ervor which could
change the coefficient in the burning rate equation. In the future, the parti-
cle diamster will be based on its density and average mass.

When applied to RDX, the exponent, n, in the burning rate equation
r = ap®
vhere
r =.rate, ca/s
P = pressure, MPa

is about 0.7 to 0.8. This iz a reasonahle value for an ensrgetic material.
The coefficient, a, is sbout !.0. This value ie probadly in gross error; the
intention, however, is to point out an approach for deteraining the intcinsic
burning vate of RDX that may have potential,

COXCLUSIONS

The closed boud can de used a3 a vorking tool to observe the burniag be-
havior of explosives. 1t can expose the factors controlling the durning even
{f the fundanentals of the mechanise are wot completely understood, Ia =2a
explosive like Comp 8, {t has been desonstrated thst s sudification te s
butning dehaviotr can be observed. The additive estane (coated on the ROX pae~
ticle) slows the buraing wmote effectively than wax., Thete smusl bs eany other
saterials that can slov the bdurning more, thut wmaking a safer Comp B. The
¢losed boadb, a simple ladboratoty toocl, cza ba used to select the additive vhich
wvoulid do this, '

In addition, there ate obsetvations, drawn from the closed boab, that cas
provide a puide to the explosive formsulator in the seatch {of an {aproved ' <p
5.
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!, Comp B undergoes a transition from a region where the material burns
on its surface to where the composition breaks up and burns on the newly-
created surface of its fragmented parts.

2. During the initial surface burning phase, a complex is formed at a
significant depth below the surface. This blend of RDX and TNT does not par-
ticipate in the breakup phase of burning.

3. The formation of the complex requires the presence of an additive (wax
or estane).

4. Additives can change the rate at which new surface area is being cre-
ated during the breakup phase of burning. Some additives do this more effec—
tively than others.

5. Additives modify the burning of Comp B because they are coated on the
RDX particle.

"6. Additives appear to act as inhibitors which infinitesimally delay the
initiation of each RDX particle.

7. Particles of RDX melt and form spheres which burn on the surface when
they are burned alone. It 1is highly probable that they do so when released
from the Comp B solid during the breakup phase of burning.

RECOMMENDATIONS

The work, as described in this report, was a learning experience. Much
vas learned about the use of the equipment, the interpretation of the data, and
the burning behavior of Comp B. Insight into the combustion process of Comp B
was developed, but much of it is iterpretive and based on inference. The work
needs to be expanded and placed on a solid foundation. A period of acquiving
data, with scrupulous attention to detail, 1is needed.

The ohjective of this work should be to separate and measure the rate of
surface area creation from the {intrinsic burning rate of the fragmented
rarts. These fundamental properties could then be combined in suitable equa-
tions to predict explosive-burning in situations that might occur in in-bore
prematures and munitions damaged by fragment attack.

An accurate measurement of the intrinsic burning rate of TNT and the RDX
particle is needed in relation to closed bomb measurements on specially-made
Comp B samples. These samples should incorporate variations in all parameters
which affect 1itg burning behavior (i.e. RDX particle size, its concentration,
suhstitute additives, additive concentration, etc.). Utilizing the intrinsic
burning rate of the constituents in combination with various possibilities, it
may be possible to develop equations which describe the burning behavior of
Comp B.




3.

4.

5.

O

7.

8.

9.

10.

l1.

12,

13.

14,

W Q-._“." ------ T TN T TN T YTw T W Y
A f . P . T

REFERENCES

W.E. Jordan, “Closed Bomb Method of Powder Testing,” E,l. duFont Memoran-
dum Report No. 24, Explosives Department, Burnside Laboratory, 26 February
1941,

S.J. Jacobs and W.B. Buck, "“Closed Bomb Burning of High Explosives and
Propellants,” OSRD Report No. 6329, 22 January 1946.

C.M. Dickey, "Determination of Burniang Characteristics of Propellants,”
E.I. duPont Memorandum Report No. 31, 8 March 1943,

A.T. Wilson, "Improved Propellants for Small Arms,” Final Report, Mational
Fireworks Co., West Hanover, MS, 15 March 1950,

D.S. Davis, "Empirical Equations and Nomography,” First Edition, McGraw-
Hill Book Co., Inc., New York and London, 1943,

J.0. Hirschfalder and J. Sherman, "Simple Calculations of Thermochemical
Properties for Use in Ballistics,” OSRD Report No. 1300, 5 March 1943.

J.0. Hirschfelder, R.B. Kershner, and C.F. Curtis, “Interior Ballistics
I,” OSRD Report No. 1236, 4 February 1943.

E.H. Julier, “Form Functions for Use in Interior Ballistics and Closed
Chamber Calculations,” Memorandum Report No. 3, Naval Powder Factory,
Indianhead, MD, 13 February 1951.

L.G., Bonner, "Determination of the Linear Burning Rates of Propellants
from Pressure Measurements in the Closed Chamber,” OSRD Report No. 4382,
30 November 1944.

J.P. Vinti, “Powder Gas Data for Typical Powders,"” Memorandum Report No.
214, Ballistic Research Laboratories, Aberdeen, MD, 15 September 1943,

A. Pallingston and M. Weinstein, “Method of Calculatiuvn of Interior Bal-
listic Properties of Propellants from Closed Bomb Data,” Picatinny Arsenal
Technical Report 2005, Picatinny Arsenal, Dover, NJ, June 1954,

RiW, Velicky and J. Hershkowitz, “Anomalous Burning Rate Characteristics
of Composition B and TNT," Seventh Symposium (International) on Detona-
“tion, 1981,

J. Hershkowitz, Consultant, Private Communication, 305 Passaic Avenue,

R.W. Velicky, “The Burning Behavior of TNT in the Closed Bomb," Technical
Report ARLCD-TR-83015, ARRADCOM, Dover, NJ, March 1983.

PREVIOUS PAGE
IS BLANK

R IO R it ARt it e it st e




bt L ww A e Yhan S ity T A2 ¥ w A hhadid d - -
v T T T A TN TN TN TN U Ty o e e v e o e A 2l 2 e namate Y .

Table 1. Composition B, linear burning rate calculation

Pre-transition region After-transition region
Pressure? Burning rate, cm/s Pressure? Burning rate, cm/s
MPa Solid Perf MPa Solid Perf
13.79 1.010.5 1.140.6 179.3 280+25 76121
20.68 1.740.6 1.840.8 193.1 308426 81£19
27.58 2.610.6 2.6%1.0 206.8 337426 85+18
34,47 3.520.5 3.5%1.0 220.6 366426 89+16
41.37 4.630.4 4.4%1.0 234.4 396427 94115
48.26 5.810.3 5¢3%1.0 248.2 426127 98+13
55.16 7.110.6 6.3%0.9 262.0 457427 102¢12
62.05 8.5%1.0 7.430.8 275.8 488427 10611
68.95 10.0t1.6 8.510.7 289.6 520427 111+10

8pragsure (MPa) equivalent to pressure (psi) 2K to 10K step 1K.

bpressure (MPa) equivalent to pressure (psi) 26K to 42K step 2K.
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Table 2. Composition BW, linear burning rate calculation

Pre-transition region After-transition region
Pressure® Burning rate, cm/s Pressure Burning rate, cm/s
MPa Solid Perf MPa Solid Perf
13.79 1.240.1 1.3+0.2 179.3 120425 6018
20.68 2,040.1 2.140.2 ' 193.1 164 .24 6618
27.58 2,940.1 3.0+0.2 206.8 220+20 7148
34.47 3.940.1 4,0+0.2 220.6 290£15 7749
41.37 4,840.1 5.0£0.3 234.4 37619 8210
48.26 5.940.1 6.04+0.3 248,2 482441 88+11
57.16 7.040.1 7.1%0.3 262.0 609480 94412
62.05 8.1%0.1 8.340.4 275.8 762£133 99+14
68.95 9.210.1 9.410.4 289.6 9454205 105¢16

2pressure (MPa) equivalent to pressure (psi) 2K to 10K step IK.

Ypressure MPa) equivalent to -ressure (psi) 26K to 42K step 2K.
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Table 3. Composition B4, linear burning rate calculation

Pre-transition region After-transition region
Pressure? Burning rate, cm/s Pressure® Burning rate, cm/s
MPa Solid Perf MPa Solid Perf
13,79 0.5¢0.2 0.8+0.3 179.3 689433 296145
20,68 1.4%0.2 1.840.2 193.1 765434 296437
27.58 3.0+0.3 3.240.1 206.8 843+35 296431
34,47 5.5¢1.0 4.9%1.7 220.6 924138 296124
41.37 9.1+2.6 7.143.3 234.4 1007140 296120
48.26 . 14.0£5.2  9.843.3 248,2 ' 1092443 296116
55.16 20.318.2 13,0%5.2 262.0 1179347 296114
62,05 28.3%14.3 16.847.9 275.8 1268+52 297114
68.95 38.2£21.4 21.1%l1.1 289.6 1359458 297417

3pressure (MPa) equivalent to pressure (psi) 2K to 10K step 1K.

bpressure (MPa) equivalent to pressure (psi) 26K to 42K step 2K.
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Table 4, Closed bomb burning rate of RDX - various particle sizes

Burning rate, cm/s

Pressure 605 427 301 137
(MPa) Lu) Lv) L) )
12 6.2 7.5 7.6 6.1
16 7.9 9.1 9.4 7.6
20 9.7 10.5 11.1 9.1
24 11.3 11.8 12.7 10.5
28 | 13.0 13.0 14.3 11.9
32 14,6 14.2 ©15.8 13.2
36 16.2 15.3 17.3 14.5
40 17.8 16.4 18.7 15,7
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Figute ). Composition 84, solid cylinder and single perf (uithout additives)
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